Larvae and adults of certain species of predator lady beetles feed on pollen, guaranteeing their survival, and at times, reproduction in the absence of preferred prey. Palynology, therefore, may contribute in the investigation of botanical families visited by these predators in order to obtain this floral resource. There are records of the visitation of Apiaceae flowers by Coleomegilla maculata DeGeer, 1775 (Coleoptera, Coccinellidae), but not the ingestion of their pollen grains by this lady beetle. The external morphology of pollen grains of three Apiaceae aromatic species (Anethum graveolens L., Coriandrum sativum L., Foeniculum vulgare Mill.) was characterized, and it was evaluated the ingestion of these pollens by fourth instar larvae and adults of C. maculata upon confinement along with flowers of these Apiaceae for 24 and 48 hours. The pollen grains of those species presented similar external morphology. In the two times of exposure, the larvae ingested the same amount of pollen from the three Apiaceae species, and the amount of C. sativum pollen ingested was the same between larvae and adults. The amount of A. graveolens pollen grains ingested by the adults was significantly greater than the pollens of C. sativum and F. vulgare, in 24 hours, with the opposite occurring in 48 hours. In the first 24 hours, the adults ingested more A. graveolens pollen than the larvae, with the opposite occurring with F. vulgare. There was no significant difference in the amount of Apiaceae pollen ingested between larvae and adults in 48 hours. The results suggest that the pollen-eating habits of certain aphidophagous lady beetles may be crucial in their preservation within agro-ecosystems.
Introduction
Predator Coccinelidae (Coleoptera) are normally found in different crops, where they contribute to the natural biological control of pest-insects, and are considered efficient biological control agents due to being voracious feeders, having a large ability to find prey as well as a generalist feeding habit, occupying all of the preys' habitats and being predators in the larval and in the adult phases (Hodek and Honek, 1996; Obrycki and Kring, 1998; Almeida and Ribeiro-Costa, 2009) .
Coleomegilla maculata has a polyphagous feeding habits and is normally present in agro-ecosystems, including Brazil, where it develops and reproduces itself well when feeding on aphids alone, or even on eggs and neonate larvae of Lepidoptera and Coleoptera (Patt et al., 1997a; Harmon et al., 2000; Lundgren et al., 2005; Lixa et al., 2010) .
However, pollen may comprise up to 50% of its diet (Hoffmann and Fordsham, 1993) . The ingestion of corn pollen grains (Zea mays L., Poaceae) by larvae and adult C. maculata has been recorded, and whose mean average protein content was estimated at 24% (Roulston et al., 2000) , making up quite an attractive botanical species for this coccinellid (Smith, 1965; Lundgren et al., 2005; Weber and Lundgren, 2011) . Hippodamia convergens Guérin-Méneville, 1842 (Coleoptera: Coccinelidae) adults collected in organic vegetable crops were also determined as being able to ingest pollen grains from ten botanical families, including Apiaceae, although their species were not identified (Medeiros et al., 2010) .
Thus, offering attractive flowers to these predator insects represents an agricultural practice to be considered regarding the preservation of said insects in and around the agro-ecosystems, since the nectar (source of carbohydrates) and/or pollen (source of proteins) of these flowers constitute nourishment that could prolong the longevity and fertility of certain predator insects, and consequently, becomes a requirement to optimize their efficacy as biological control agents of agricultural pests (Clercq et al., 2005; Barbosa et al., 2011) .
Nevertheless, many botanical species have a floral morphology that may facilitate, deter or prevent the access of anthophilous insects to flower resources, especially nectar and pollen. In this way, the accessibility of entomophagous insects to these resources composes a primary factor in choosing the vegetable species that could be used to make up the crop system and optimize natural biological control (Patt et al., 1997b; Vattala et al., 2006; Barbosa et al., 2011) .
In this aspect, entomopalynology, studying the morphology of pollen grains associated with insects (Jones and Jones, 2001) , becomes an important tool to aid the development of conservative biological control, for it can permit the identification of pollen ingested by adults, and sometimes, the larvae of predator insects. However, the palynological studies applied to these biological control agents are still scarce, mainly when compared to pollinator insects, such as the melliferous bees (Jones and Jones, 2001; Medeiros et al., 2010) .
There are no reports in the literature on the ingestion of Apiaceae pollen grains by C. maculata, although it is known that their species, such as Anethum graveolens L., Coriandrum sativum L., Foeniculum vulgare Mill. are among the plants that attract the aphidophagous lady beetles, including C. maculata, that visit them frequently during the flowering phase, most likely in search of their flower resources, such as pollen (Patt et al., 1997a, b; Ambrosino et al., 2006; Lixa et al., 2010; Resende et al., 2011) .
Therefore, the objective of this work was to characterize the morphology of the pollen grains from three species of the Apiaceae family, evaluate the pollen ingestion capacity by fourth instar larvae and adults of C. maculata, and if ingested, verify whether there was a difference in the quantity of these pollens between these two development phases of the insect.
Material and Methods

Morphological characterization of the pollens
The selected Apiaceae species were the following: A. graveolens (dill), C. sativum (coriander) e F. vulgare (fennel), as they are considered aromatic plants. The seedlings of these species were created in polystyrene trays from the seeds, kept in greenhouse of the Departamento de Entomologia e Fitopatologia (DEnF) at the Universidade Federal Rural do Rio de Janeiro-UFRRJ (Seropédica, RJ, Brazil). Pre-anthesis buds of the three Apiaceae species were collected and transported in glass vials with 70% alcohol to the Palynology Laboratory belongs to the Botanical Department of the National Museum at the Universidade Federal do Rio de Janeiro-UFRJ (Rio de Janeiro, RJ, Brazil), where they were submitted to the acetolysis method with ocorrendo em 48 horas. Nas primeiras 24 horas, os adultos ingeriram mais pólen de A. graveolens do que as larvas, ocorrendo o oposto com F. vulgare. Não houve diferença significativa na quantidade de pólen de Apiaceae ingerida entre as larvas e adultos em 48 horas. Os resultados sugerem que o hábito de alimentar de pólen de certas joaninhas afidófagas pode ser crucial para a sua preservação dentro dos agroecossistemas.
Palavras-chave: joaninhas afidófagas, polinivoria, planta aromática, controle biológico conservativo. modified proposals (Erdtman, 1960; Melhem et al., 2003) , for the morphological characterization of the pollen grains and reference slide assembly for each botanical species. The microscopic slide preparation was conducted with glycerin gelatin, according to Kisser (1935) . The pollen grain characterization was based on the work of Erdtman (1960) , Barth and Melhem (1988) , and Punt et al. (2007) . The polar (DP) and equatorial (DE) diameters of the pollen grains were measured with Hund H-500 Wetzlar (Helmut Hund Gmbh, German) optical microscope, in 100x immersion objective, with lucid camera Leitz Wetzlar opto-coupler.
Parts of the plants of these botanical species containing leaves and flowers were also removed for mounting herbarium specimens, which were deposited in the Herbarium of the National Museum/UFRJ, under the following registration numbers: R-212.562, R-212.563 and R-212.564 for A. graveolens, C. sativum, and F. vulgare, respectively.
Evaluation of the capacity of pollen ingestion
The experiment was mounted with a 3 × 2 × 2 factorial structure, with three Apiaceae species [coriander (S 0 ), dill (S 1 ) and fennel (S The C. maculata individuals used in the experiment were obtained from laboratory mass rearing established at the CIMP, since 2008. Sporadically, new C. maculata adults were inserted to the rearing, aiming to prevent the occurrence of endogamy and the loss of vigor. The adults were kept in transparent disposable plastic pots, capacity 1 liter, in a climate-controlled room (25±1 °C, 70±10% RH and photophase of 12 hours). An average of five adults per pot was established, with at least one couple present. The pots were closed with organza screen lids to allow the gas exchange. Initially these adults were fed on ad libitum UV-irradiated eggs of Anagasta kuehniella (Zeller, 1879) (Lepidoptera: Pyralidae) (artificial prey), supplied by Insecta Agentes Biológicos (Lavras, MG), and water, that provided by a ball of absorbent cotton moistened with filtered water and placed in PET plastic bottle caps.
The newly-opened flowers were collected from flowerbeds and gathered in a bouquet, where each one was immediately placed in a 20 mL glass vial containing water, and secured to the top of the vial with cotton. Four flower bouquets of the same species were placed inside polyethylene and fine mesh (1mm 2 ) cages (Bioquip  ), measuring 30 cm × 30 cm × 30 cm, with one bouquet in each corner of the cage. Next, five C. maculata individuals per cage were released, prior to which fasting for 24 hours, to increase the chances for ingestion of the pollen grains. In total, 150 fourth instar larvae and 150 adults (approximately 30 days old) of C. maculata were used. Thus, larvae and adults were randomly divided into three groups of 50 individuals, one group for each botanical species, with no chance of choosing. Each group of 50 was divided into two equal subgroups, where the variable was the amount of time the insect was exposed to the flowers: 25 remained for 24 hours in contact with the flowers, while the other 25 remained for 48 hours; therefore, there were 5 cages for each treatment. In this way, each cage constituted an experimental plot, in working with the mean number of adults and larvae of lady beetles of each cage.
At the end of each exposure time, the lady beetles were frozen to death; the next day the legs and wings were removed (in the case of adults) to reduce the amount of residue after the insects underwent acetolysis, which was conducted in the same place where the floral buds also underwent acetolysis procedure, using the same method.
Prior to acetolysis, the mutilated insects were washed with distilled water to eliminate any pollen grains that could be present on the external part of the body, so as not to overestimate the results. Afterwards, each insect was placed in a 1.5 mL micro-test Eppendorf tube and labeled with vegetable paper. Following this, each insect was transferred to a test tube to undergo acetolysis for the destruction of tissue and other organic parts, but with the preservation of the possibly ingested pollen grains, which would be retained in the decanted material at the bottom of the test tube. Then, to quantify the pollen grains possibly ingested by the insects, microscopic slides were prepared, using the same methodology used for the floral buds.
It was observed that some presuppositions of variance analysis had not been met, making it necessary to fall back on data transformation. The value used in the transformation was suggested by the procedure of Box and Cox (1964) . Then the data underwent variance analysis and for mean comparison the Tukey test at 5% probability was used, using the R statistical software, version 2.15.0 (R Development Core Team, 2012). In relation to the dependence of the factors analyzed in the present study, by variance analysis, it was verified by the F test that the interaction among the evaluated plant species (S) × time of exposure (T) × life phase (LP) of the insect was significant (p < 0.01), indicating the existence of dependence between the effects of these factors. Thus, to improve data interpretation, the unfolding of interaction was necessary to conduct. It was carried out the unfolding of interaction of Apiaceae species (S) within the combination C. maculata life phases (LP) and time of exposure to the flowers of these species (T), the unfolding of interaction of C. maculata life phases (LP) within the combination Apiaceae species (S) and time of exposure to the flowers of these species (T), and the unfolding of interaction of time of exposure to the flowers of these species (T) within the combination Apiaceae species (S) and C. maculata life phases (LP).
Results and Discussion
Pollen morphology
It wasn't possible to morphologically differentiate the pollen grains of all three Apiaceae species, as the form, ornamentation, as well as the dimensions of the aperture were all similar (see Figure 1) , being monads, isopolar, medium (32.5 × 12.5μm), perprolate (DP/DE = 2.6) amb triangular, tricolporate, long colpi and endoaperture lalongate, lalo with microreticulate ornamentation. Some of these characteristics are cited by Jones and Jones (2001) for Apiaceae pollen grains. Therefore, the morphological similarity between the pollen grains prevented the simultaneous offer of their flowers, and thus, these were offered individually to the fourth instar larvae and C. maculata adults, in order to detect possible differences in the quantity of pollen grains consumed by them, among the aromatic flowers.
Ingestion of pollens by C. maculata
Pollen grains of the three Apiaceae species were recovered from both life phases of C. maculata, where at least one individual from each repetition/cage ingested the grain. This result corroborates those of Smith (1965) and Lundgren et al. (2005) , who observed that larvae of C. maculata also ingest pollen grains, not only the adults. This result also indicates that this lady beetle species accepted the pollen grains of the three species as food, however, more studies are needed to conclude if this food is adequate to guarantee its survival and reproduction, preferentially leading to longer lifespan of adults and fecundity, or whether it is simply a complementary food source that would only warrant its survival, as was pointed out by Almeida and Ribeiro-Costa (2009) .
Taking all the evaluations into consideration, 22.3%, 26.3% and 51.4% of the total sum of pollen grains that were recovered (n = 69679) were of coriander, fennel and dill, respectively (as shown in Table 1 ). The numbers obtained in this study showed to be higher than those found by Medeiros et al. (2010) for H. convergens, from which they recovered 46 pollen grains from 43 adults, being six pollen grains of Apiaceae, but without identifying the botanical species; however, most of the pollen grains found in the digestive tract of this lady beetle belonged to Asteraceae (16 grains of Aspilia Thou.). Nevertheless, the individuals analyzed by these authors were gathered in field, and one of the characteristics of coccinellids is polyphagia, therefore the pollen grains are alternative and/ or complementary food (Hoffmann and Fordsham, 1993; Iperti, 1999; Almeida and Ribeiro-Costa, 2009 ). Furthermore, another important consideration is that certain species of Hippodamia only present normal oogenesis when they feed upon their favorite prey (aphids), stimulating oviposition (Hagen, 1987; Iperti, 1999) . These facts may explain, at least in part, the recovery of a greater number of pollen grains in the present study, carried out in conditions of laboratory confinement.
There are few studies regarding the quantification in numerical terms of pollen grains ingested by predator lady beetles. In some studies on C. maculata, the results are presented in terms of weight, which renders further comparative discussions difficult. However, Lundgren et al. (2005) estimated that the consumption of corn pollen grains (Z. mays) by fourth instar larvae of C. maculata was of 3.30 mg and the adults consumed 13.15 mg of pollen of this Poaceae during the period of anthesis in transgenic corn crops in Illinois, USA, without mentioning what this represents in terms of the number of ingested pollen grains. Dupuis et al. (1987) estimated that 2500 Z. mays pollen grains in one milligram, therefore, considering only the consumption of fourth instar larvae and of adults of C. maculata recorded by Lundgren et al. (2005) , would give a total of 41125 pollen grains. Therefore, it gives a quantity relatively higher than the consumption of Apiaceae grains by these phases in the present study, reaching a peak of 14.94% greater than the dill grains. Although it is not possible to affirm, the lower ingestion of Apiaceae pollens might be due to the higher protein content. Roulston et al. (2000) recorded that the protein content of the Z. mays pollen is 23.9%, and 29.0% for the Anthriscus sylvestris (L.) (Apiacae). Nevertheless, data in the literature as to the protein content of Apiaceae pollens evaluated in the present study were not found. Furthermore, according to Patt et al. (1997a) , the morphology of dill and coriander flowers, that present exposed stamens above the petals, is compatible with the morphology of the head of the C. maculata, facilitating prompt access to the pollen, as well as the floral nectar.
The result of the unfolding of the interaction between the factors can be seen in Table 2 . Comparing the three botanical species among themselves, in 24 hours of exposure to the flowers, the quantity of pollen grains from the three species ingested by the fourth instar larvae of C. maculata was significantly the same. On the other hand, the adults of this lady beetle ingested significantly more pollen grains of dill than grains of the other two Apiaceae. However, there was no significant difference in the ingestion of pollen of these aromatic plants for the life phases of C. maculata, in 48 hours of exposure. The greater consumption of dill pollen grains might be explained by the food quality, although this was not evaluated in the present study. Nonetheless, food of low nutritional quality may be ingested in larger quantities in comparison to that of high quality, to compensate for the nutritional demands (Almeida and Ribeiro-Costa, 2009 ).
Then the preference of the adults for dill pollen, as a result of the larger number of pollen grains recovered in the first 24 hours, might be the result of the adults' greater acceptance of dill pollen as food. But it is still necessary to conduct bromatological analyses of the pollen grains and complementary experiments to evaluate the suitability of the pollen as "essential" food for C. maculata, that is, which would allow its complete development, or as "alternative" food, which only prolongs its survival, as pointed out by various authors (Smith, 1965; Iperti and Trepanier-Blais, 1972; Almeida and Ribeiro-Costa, 2009 ).
However, according to Patt et al. (1997a, b) , both adults and larvae of C. maculata forage for dill pollen and nectar because its plants have exposed stamens and nectaries in umbel-type flowers, granting easy access to these individuals, while the flowers of coriander plants, despite being of the same type, have partially hidden nectaries by other parts of the flowers, possibly making them less attractive to C. maculata adults.
Regarding pollen ingestion between C. maculata adults and larvae (as shown in Table 2 ) for the same botanical species, in the first 24 hours, the adults ingested almost 8.24 times more dill pollen grains than the larvae. Means followed by the same lower case letter in the columns or same capital letter in the lines do not differ statistically among themselves by the Tukey test at 5% of probability.
The opposite occurred when these individuals were offered fennel flowers, where the larvae ingested, on average, 200 times more pollen grains than that ingested by the adults. The difference in the amount of ingested dill pollen grains between larvae and adults of C. maculata might be due to the fact that the females have a greater nutritional demand for this pollen in order to carry out oviposition, seeing as this lady beetle species is able to mature its eggs by consuming a pollen diet alone (Almeida and Ribeiro-Costa, 2009) , which also happens with other predator insects such as females of Melangyna novaezelandiae (Macquart, 1855) (Diptera: Syrphidae) (Wratten et al., 1995; Irvin et al., 1999) . In the 48-hour period, there was no significant difference in the amount of ingested pollen grains of each Apiaceae species between adults and larvae of C. maculata (as shown in Table 2 ). It is possible to note further that, compared to the other treatments, the amount of fennel pollen grains ingested by C. maculata adults, as well as the larvae, was the smallest observed in the 24-hour period, whereas the amount of ingested pollen grains did not differ significantly from those of coriander. Some authors cite that flowers of fennel have exposed floral nectaries (Patt et al., 1997a, b) , which might indicate a deviation of the insects' attention to obtain nectar instead of pollen, depending on the physiological condition and nutritional demands of the confined individuals. Thus, one would assume that C. maculata adults would at first prefer to feed on the floral nectar of fennel, and consequently, would ingest a lesser amount of pollen grains of this species. However, due to the difficulty of identifying gender of coccinellids (Gordon, 1978) , it was impossible to ascertain the sexual reason before offering the Apiaceae flowers, hence, this difference between the amount of ingested pollen between genders rendered it impossible to carry out statistical tests. Furthermore, as pointed out previously, the similarity among the external morphology of the pollens of the three Apiaceae did not allow the simultaneous offer to test a possible preference. It is thus advised, for future studies, to invest in a methodology that enables to make a sexual differentiation so as to offer the flowers separately to males and females.
As to the coriander, larvae and adults ingested the same amount of pollen grains. Most likely, the fact that coriander flowers present shallow corolla (Vattala et al., 2006) facilitated full access for these individuals to the pollen grains, explaining at least in part why the two life phases had equal opportunity to ingest the same amount of pollen.
Comparing both times of exposure to the flowers (as shown in Table 2 ), the results showed no significant difference in the ingestion of pollen grains by fourth instar larvae of C. maculata among the three Apiceae species, in contrast to the adults. The consumption of dill pollen grains by adults of this lady beetle was significantly higher in 24 hours than in 48 hours, with the opposite occurring with the consumption of fennel and coriander pollen grains. These results suggest that, in the absence of another food source, C. maculata adults tend to continue and increase the ingestion of coriander and fennel pollen grains. In a sense, at first we might have thought that rejection occurred after some time, due to unsuitability or delayed toxicity of dill pollen grains as a food source for adults, but it seems that the more probable hypothesis is that C. maculata adults that were confined for 48 hours consumed such a high amount of dill pollen that there were not as many grains to be consumed in the next 24 hours, which might also explain why the consumption of dill pollen grains being offered for 48 hours did not repeat the high averages.
Although different species of biological control agents have varying nutritional needs, the evidence showing that an important predator ingests pollen of three plant species is a big breakthrough that supports further research in the selection of attractive plants for natural enemies in order to form the agricultural system designs and contribute toward the practical application of conservative biological control in agro-ecosystems in Brazil, similar to what already occurs in other countries (Ambrosino et al., 2006; Ambrosino, 2014) .
